It has been often observed that bacteria seemingly adapt to sucrose monoesters of fatty acids, which are supposed to be effective nontoxic antimicrobial agents. In the present experiment, effects of the esters on the germination, outgrowth and vegetative growth of Bacillus cereus were investigated with reference to the adaptation phenomenon. The esters showed inhibitory effect on the development of spores into multiplying cells by preventing outgrowth , in the order of effectiveness of lauryl ester>palmityl ester>stearyl ester . However, the cells of which growth had been once inhibited again developed in the medium. This resumption of growth occurred almost in parallel to a decrease in the concentration of the esters in the medium. Vegetative growth of cells was also prevented by the addition of esters, but the growthinhibited cells again recovered their ability to grow during further incubation in the medium . Furthermore, it was found that esterase is released from germinated spores and growing cells . Taken together, the results indicated that the loss of antimicrobial activity of the esters observed during cultivation is due to the decomposition of the esters by esterase.
INTRODUCTION
Sucrose monoesters of fatty acids, which have been approved as food additives for use as emulsifiers, inhibit the growth of thermophilic spore-forming bacteria (Kato and Shibasaki, 1975; Shibasaki, 1979; Tsuchido et al., 1981 Tsuchido et al., , 1987 and are supposed to be effective antimicrobial agents to inhibit heat-resistant spores which are not readily killed under commercial pasteurization procedures. In fact, these esters have been used to prevent microbial spoilage of canned drinks stored in vending machines (Suwa et al., 1986) . A problem is, however, that a seeming adaptation of bacterial cells to the esters has often been observed (Kato and Shibasaki, 1975; Tsuchido et al., 1987) , which reduces the validity of these esters as a food preservative. The present experiment was under- Esterase activity assay Esterase activity was detected according to the method of Guilbault and Kramer (1964) 
RESULTS
Effects of sucrose monoalkylates on spore germination and on development of spores into multiplying cells
The effects of SE12, SE16 and SE18 on spore germination are shown in Fig. 1 esters used in the experiments, 1.6 mM, has been known to be enough to inhibit development of B. cereus spores into multiplying cells over 10 h at 30 °C (Moriyama et al ., 1996) . Spore germination, which was monitored by a decrease in OD620 and microscopic observation, was not eventually suppressed in the presence of SE. Thus, SE was indicated to inhibit B. cereus cells in stages other than that of germination. Figure 2 shows the development of spores into multiplying cells in nutrient broth containing SEs (0.4 mM each) at 30°C. Decreases in OD620 caused by germination were observed at the early stage of cultivation and, then, the effect of the esters was seen as a lag in the onset of vegetative growth, with the order of tion. To verify this, we measured the amount of SE remaining in the medium. As shown in Fig. 2 , SE concentration of the medium was reduced during cultivation, which took place in a nearly parallel manner to the loss of the inhibitory effect of SE. In addition, it was indicated by thin layer chromatographic analysis (Moriyama et al., 1996) that the decrease in SE concentration is caused by degradation of the ester to sucrose and fatty acid, not the incorporation of the ester into cells (data not shown) , suggesting involvement of esterase in the degradation of SE. The esters also inhibited vegetative growth when added to exponentially growing cells, but the growth-inhibited cells again acquired potency to grow during further incubation (Fig. 3) . dormant spores . The susceptibility of SEs to the enzyme liberated from germinated spores was in the order of SE18>SE16>SE12 (Fig. 5A ). On the other hand, esterase detected in lysate and the culture medium of exponentially growing cells decomposed SEs in the order of SE16>SE12>SE18 (Fig . 5B) . The reason why esterases differing in the lytic ability for SEs are present was not explored. However, the results shown in Fig. 5B indicate that roughly 10% of total amount of the enzyme exudes into the medium when cultivation reached the stationary phase .
Effects of fatty acids on outgrowth and vegetative growth
It has been known that fatty acids themselves possess antimicrobial action (Kato and Shibasaki , 1975; Shibasaki, 1979; Tsuchido et al ., 1985) . Hence, effects of lauric acid, palmitic acid and stearic acid , which are degradation products from SEs used here , on germination, outgrowth and vegetative growth of B . cereus were examined. While these fatty acids (0 .2 mM ) had no effect on cells at the stage of exponential phase (data not shown) , lauric acid and palmitic acid revealed inhibitory effect on cells at the stage of outgrowth, with lauric acid more effective than palmitic acid (Fig. 6) . Stearic acid had eventually no effect on cell propagation under the conditions used here. 
DISCUSSION

